Rice-starch based oral rehydration solution (ORS) has been shown to be a suitable alternative to glucose-based ORS in the treatment of both choleragenlc and non-choleragenic dehydration in older infants and children. However, hi young infants, the wider use of rice-starch ORS has been impeded because of theoretical concern about the poor digestibility of starch.
Introduction
Oral rehydration therapy (ORT) has significantly reduced the morbidity and mortality of acute infantile diarrhoeal disease worldwide. 1 While glucose electrolyte solution constitutes the primary approach to ORT, there are continuing efforts to improve the efficacy of oral rehydration solutions (ORS). The substitution of glucose with rice starch in the standard ORS has been shown to be safe and effective in both choleragenic and non-choleragenic diarrhoeas.
2 " 3 More recently, a low sodium rice-starch ORS was shown to give similar results as the standard WHO ORS in non-choleragenic infantile diarrhoea. 6 Rice-starch ORS holds great potential as a suitable alternative to glucose-electrolyte ORS because, besides being safe and effective, it has the added advantages of better affordability, easy availability, and cultural acceptability, particularly in riceconsuming regions of the world.
However, reservations on its safety and efficacy, particularly in very young infants, have impeded its wider use because it is believed that the starch may be poorly digested by these infants. None the less, De Vizia et al. noted that infants as young as 1 month of age can digest and absorb starch. 7 This is well borne out in clinical practice when we have observed that many working mothers, to reduce their babies' demands for frequent milk feeds, introduce rice-based cereals as early as 2 weeks of age without any overt adverse effects. Earlier, in a limited study of 30 infants, we observed that infants over 1 month old could successfully be rchydrated with a rice-starch ORS. 2 The present study was undertaken to compare the efficacy and safety of a rice-starch based ORS with a glucose-electrolyte ORS in infants below 6 months of age.
Patients and Methods
Infants less than 6 months of age with clinical features of acute gastroenteritis as characterized by (1) more than four loose stools during the preceding 24 h and (2) duration of diarrhoea less than 7 days were included in the study. Infants were excluded if they had concurrent serious illness (e.g. sepsis, pneumonia) or had a history of prior treatment with antibiotics or antidiarrhoeal medications.
Infants with severe dehydration requiring intravenous The infants were weighed at 12 and 24 h after ORS treatment and subsequently daily until discharge. The percentage change in weight was computed as follows:
Weight after rehydration -Weight at admission fluids were also excluded from the study. The patients were randomly assigned to receive rice-starch ORS (group A) or glucose-electrolyte ORS (group B). Packets of rice-starch ORS and glucose ORS were prepared in the hospital pharmacy. The rice-starch ORS was prepared as twin packets, one containing 50 g of rice powder and the other an electrolyte mixture. The composition of the solutions is detailed in Table 1 . To make up the solution, the electrolyte mixture was first dissolved in one litre of boiled cooled water. The rice powder was then added and stirred.
Patients in the control group received a glucoseelectrolyte solution (Table 1) . After the initial history and physical examination, the degree of dehydration was assessed using the WHO criteria. 8 The infants were then weighed.
Laboratory tests
A full blood count, blood urea, and serum electrolytes were measured before and 24 h after ORS treatmenL Stool specimens were tested for reducing sugars at admission and then daily for the duration of diarrhoea.
Stools were examined microscopically for ova, cysts, and parasites, cultured for bacterial pathogens, and tested for rotavirus by the enzyme-linked immunosorbent assay (ELISA).
Treatment
The infants were offered the respective ORS ad libitum. Mothers were trained to feed the ORS to their children under the supervision of nursing staff.
Accurate records (± 1 g and ± 1 ml) of intake of solution, stool frequency, vomiting, and urine output were kept. During the first 12 h only the respective ORS was administered and no other foods were given.
Efficacy was measured by assessing
(1) volume of intake of ORS; (2) stool frequency; (3) vomiting; (4) weight gain; and (5) duration of diarrhoea.
Weight after rehydration
xlOO.
All infants were clinically reviewed by a physician every 6 h during the initial 24 h of ORS administration. Oral rehydration was considered unsuccessful if any infant had a weight loss >2 per cent of admission weight at 6h, had frequent vomiting (>3 episodes within 6h), was lethargic or drowsy. Oral rehydration was then abandoned and the infant was excluded from the study and commenced on intravenous treatment.
Results
The clinical profiles of the 63 infants are detailed in Table 2 . The two groups of infants were comparable with respect to age, duration of illness, incidence of acquired carbohydrate intolerance at admission, vomiting, and degree of dehydration.
The mean weight gain in the dehydrated infants receiving rice-starch ORS solution was less compared to those receiving glucose ORS at 12, 24, and 48 h (see Table 3 ). However, the differences were not significant. The decrease in weight gain during the second 12 h may be due to the fact that the infants were reintroduced to their previous diet during this phase.
The weight gain in those without dehydration was higher for the rice-starch group at 12 h but approximated that of the glucose ORS group at 48 h. Serum sodium and potassium levels measured before and 24 h following ORT were of similar magnitude for rice-starch based ORS compared to glucose based ORS (Table 4 ). The decrease in stool frequency and cessation of vomiting were significantly better in group A than in group B (see Table 5 ). The duration of stay was shorter for group A infants than group B infants.
The incidence of acquired carbohydrate intolerance during rehydration was similar in both groups. One infant had clinical features suggestive of an allergic reaction to rice protein but this was not confirmed as the infant was not available for subsequent challenge studies.
Discussion
The results of the present study confirm our earlier observations and corroborates the findings of two recent clinical trials that rice-starch ORS is safe and effective in young infants below 6 months of age. ' 10 The theoretical concerns of maldigestion of starch adversely affecting the efficacy of rice-starch ORS in very young infants is not borne out in clinical practice. This is not surprising as some studies in the past had suggested that despite the relative deficiency of pancreatic amylasc, young infants can digest and absorb rice starch. 7 There are several possible reasons for the apparent contradiction between the theoretical expectation of intolerance to rice-starch in young infants and the results of the present and previous clinical trials with rice-starch ORS in young infants. The relative deficiency of pancreatic amylase may be compensated for by salivary amylase, which has been shown to be preserved in significant levels at birth, and alternate pathways for digestion of starches."" 13 Colonic salvage of malabsorbed starch by bacterial fermentation of the starch to hydrogen gas and short chain fatty acid is present in premature and young infants and is yet another pathway for the metabolism of starch in these infants. 14 ' 15 Amino acids have been shown to facilitate sodium ion and water absorption across the gut mucosa. 15 " 18 In young infants, while the level of pancreatic amylase may be low, satisfactory pancreatic proteolytic activity would adequately hydrolyse the rice proteins, releasing a quantum of amino acids that would play some part in facilitating sodium and water absorption. Osmolarity of the ORS has been shown to be a key factor influencing sodium and water movement across the gut epithelium from the lumen into the tissues." The significantly lower osmolarity of rice-starch ORS (230 mmol/1) would be expected to have a more favourable effect on net sodium and water movement from the lumen to the tissues than the significantly higher osmolarity of the glucoseelectrolyte ORS (275 mmol/1). The combined effect of all the above factors may be compensating for the reduced digestibility of rice starch arising from the relative deficiency of pancreatic amylase in these very young infants.
In the present study, six of the 30 infants were neonates with a mean age of 17 days (± 5.8). Except for one infant aged 10 days, all the other five infants responded satisfactorily to rice-starch ORS. The 10-dayold infant did not gain any weight while on rice-starch ORS, although his stool frequency decreased from 5 within 24 h to none. In our earlier study we had noted that two infants below 1 month of age failed to respond to rice-starch ORS. The apparent inconsistency may be due to the fact that the content of rice starch in our earlier rice-starch ORS was much higher (100g/l compared to 50g/l in the present solution).
There have been reports of intolerance of rice starch in malnourished Burmese children in rural Burma. 20 The magnitude of this problem in other parts of the world is not clear. Vitoria et aL have documented intolerance to rice protein causing small bowel enteropathy. At the time of writing, one infant aged 8 weeks admitted for Salmonella enteritis of 5 days' duration developed bradycardia, intermittent apnoea, cyanosis, and weight loss of 5 per cent of body weight within 4h of introduction of rice-starch ORS. The infant improved rapidly with glucose-electrolyte ORS and intravenous support. Whether this is due to intolerance to rice protein or a progression of Salmonella enteritis is unclear. Clinically this infant could have developed intolerance to rice starch but in our experience and those of others the incidence of allergic enteropathy to rice protein is rare and should not affect the overall safety and efficacy of rice-starch ORS.
The results of the present and two previous studies provide sufficient evidence for the safety and efficacy of rice-starch ORS in the rehydration of young infants below 6 months of age with diarrhoeal dehydration. The cultural acceptability, the lower cost, and wide availability of rice provide significant advantages for ricestarch ORS over the glucose-electrolyte ORS, at least in those parts of the world where rice is the staple diet However, as the total number of neonates (< 28 days of age) in all clinical trials conducted, included the present study, remains small, it is prudent to be cautious in the use of rice-starch ORS in neonates.
Larger clinical trials are clearly indicated for its use in very young infants and particularly in neonates before TABLE 5 Frequency of vomiting, stool output, and incidence of acquired carbohydrate intolerance during rehydration of 63 infants rice-starch ORS can universally be recommended as a safe and effective substitute for the present glucoseelectrolyte ORS solution.
